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The circulating proton beam has to lose some energy in the liner wall due to the resistive
component of longitudinal impedance. This effect can lead to heating of the liner and should be
taken into account parallel with heating by the lost protons during injection. The loss factor and
corresponding power loss per unit of the liner length can be defined in the forms:
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where DE and (N, >e) are the total energy change and the total charge of the bunch;

np 1S the number of proton bunches,
lo =np XNy, € ) iSthe average circulating proton current.

For the Gaussian longitudinal particle distribution in the form:
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the Fourier transform of the current distribution is given by:
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The integral of the energy loss factor due to the resistivity of the liner wall can be written as
follows:
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A longitudinal impedance per unit length for the round cross-section beam pipe is given by:
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h/le% is the skin depth, b is the pipe radius, r is the wall specific resistivity,
0

z, » 377 W is the vacuum impedance, and F, is a geometric form-factor (Fy =1 for the round
shape).

Above-mentioned equation can be applied for calculation of the Lambertson liner longitudinal
impedance, provided that its real shape is approximated by a semi-cylinder with the effective

radius b, andwith F; =05.

where d =



Because the bunch-current spectrum density is nonzero only in the frequency range up to
wavelength of the order of the bunch length w, =c/s, , the higher frequencies do not contribute
significantly to the energy loss. Therefore, the integral for the loss factor can be evaluated
analytically integrating over the frequency spectrum in approximation of wy, <<w, :
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where G(3/4) » 1.23 isaGamma-function, s, =cs, isthermslongitudina beam size, w,isthe
upper frequency limit within of which the classical skin effect isvalid. Typicaly
f,=w,/2p >1GHz when f, =w, /2p @50MHz.
Thetotal power absorbed by wall of the Lambertson liner with length Ly is:
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At the injection energy E=150 GeV and central orbit, estimation of the power lossin the CuBe
liner wall for the multi-bunch operation mode 36 x 0 with N, =3x0™ and 1, =82mA reslilts
in:
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The power loss per unit of the liner length:

% » 0.008 [Watt/ m]

Since the power loss in the liner wall isinversely proportional to the longitudinal beam size as
P~1/s ¥ and, intumns, s, ~1/EY* that Tevatron energy scaling law for the liner heating can
be defined as follows:
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At the collision energy E=980 GeV this gives a factor of two as compared with the injection
energy.
Pt (980)» 0.19  [watt]

The liner eating due to the resistive wall impedance is expected to be small and it couldn’t
affect on an equilibrium temperature.



